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1663, OX T^EX ±->3±JV 9 
#?b'J, ^-f;!/ Xhy^ t 5 — 412, 
tf^X T>H /^>h a- (#Jfc 

(72) fg!5i# 7^7K ^P-rfU- ^7Ua 

T^U*-a*B, 87501 ^3.-^^->n 

287-x<^ mmtti,) 

(74)ftSA ftm± ®B3£ Sfefc (*3£) 



(54) bbwcd^] mmm^mvftmfumm 
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lr». W»X*;^-*tS«^ (3 0) rt«S©«E«:^b 

$nTt>«fcVi. mm&Kmz\tmi<D%&mm (3 4) 
£#fc«ssasg (32) *t|git&n, t*!&i©aft£&38 

©T«E«j©»nsfft{8cDm i vmizmft sn, sg 2 
fts (3 6) *tjgE«fs»sw-h«5fiHcgi^&n*. 

*fcKit6n&«g^wiss (4 6) -cas. ~mmm 
(7 o) fc^tf. 
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^ 1 £ fcti 2 lets© ex h > uxmn issto 

J&m 2 BWL<D ex h > UXJtfT&Sfio 

im&m 7 ] Hufe^Mte t— > mv$> % mm 5 * rc « e is«o if 

ratals] HuiBH«5smai^is*v mfrtiofesjii-efesis^ 1 *^ 
« 2 lets® ex h y uxjttT i^io 
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g fcfc* 2 fB«<D t?X h V UXiitf iS^So 

Htm. i o iHtto trx h v i^xit«Sfio 
i^t^si^ i * frit 2 laigoex h y uxjitf i&^Bo 

1 3 fSM<D If X h v UX JifrS^Bo 

xspt*«ifiR-rsif^i 4f5«otrxhvixxjifT^SBo 
j»S3ft»T?*sai*« i $rc«2ge«©ex h>pxj£f*2£&fi„ 

^ l 6 ^Xhy UXiifT^Bo 

?wii*mi8L'*z>mcm \ 7tB«©exhvux5itf^Bo 
zics&w&m 1 otemoifx h^uxiitT^Bo 
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[0 0 0 1] 

*mmz, Km^fr^-mz^^Trnm-zftrcmmmw- 7405-eng 

[0 0 0 2] 
[0 0 0 3] 

[#*a«] 

^i>>4oj;tfmM^^^ijgPp a p^^^>aS^XT-^^, Wi 1 1 i am 
Beale^X^-'J I"? U — kf X h >J ^l^lft 19 6 9 

^jcteSofeo co^a-eti, ^7y^^>t 7 h^tf 'J y^ii^x/u 

[0 0 0 4] 

CeperleyO rjgjifTiifcfc — h ly^y©^ >t$Wj ("Gain and 
efficiency of a short traveling-wave heat engine," 77 J .Acoust.Soc.Am. ,p 
p. 1239-1294(1985)) It, X^-U y^xV^^i^JliilO*!^ ^Pit 

ftLfcf»£»S) Wet, L»T, X^-U>^^^^H^ 
^^Ct^tSilt^l^LT^o CeperleyS, A^y-^©8 
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0 %K:jei^aw«><, o r£m&T*mmmmmT*%>?> t^vrc 0 c e P e 

r 1 e y ©jtiftfcJu C e pe r 1 e y^B e a 1 eOm^'J V^S&^JCiD*. 
T^fXHtt^M^r^fflb, ftl£J;oTBea 1 eO»^^af^| 
£l.r::&T\ B e a 1 e ©SiOlStlS C i: t <t 9 , Ce per ley 
Jc«kSfa©B8jl-rs^7b^ 1 9 7 8^9J3 1 9BtCf§tf^n/c^H#s i F4, 1 

1 3, 3 8 0, $5&Zf 1 9 8 2^ 1 0J3 2 6 B&C^ff2*lfc*H#I£ 4 , 355 
, 5 1 7&c!E5zli2ftTV^o LfrU Ceperleylt £<£> £ 5 K LTUffl 

[0 0 0 5] 

ii^O^-U 7^ X^^l/XW^M (0 P T R) (Radebaugh,"A review of pul 
se tube refrigeration, "35 Ad v. Cryogenic Eng. , pp. 843-844 (1992)) it, X# 

, -$-%:t>-t>, /^VXf i: LTftJ^tl&fMffitt (a thermal buffer column) 33 
i:t5Mtfc^#-j'>'t: 0 — ^>X|i (a dissipative acoustic impedance network) 
tC^otl^ntV^o OPTR©M 

[12] 
[13] 
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[0 0 0 6] 

^11^21 Bicmm~£nrc*mm i f&mmo 8/975, 7 6 6#-cm^2n 
mm®.*, op TR£D^in^?cD5%s'eM^<-rso ^^-e#^o mmmmz 

[0 0 0 7] 

21AP0 P T R tCOm^-Vit, GedeonO rx£ — U V^fe XZfsWX 
mmi&U^mmc^f^D C^X7n-j ("DC gas flows in Stirling and pu 
lse-tube cryocoolers,"in Ross ed . , Cryocoo 1 ers 9 , pp . 385-392 (P 1 enum , NY 199 

[£5(4] 
[^5] 

M 

[1*6] 



Mc p (T 0 -T c ) 



(8) ^2 00 2-5 3 5 5 9 7 

Mc p (T„-T 0 ) 

[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

^-g-tfo ^tPx^I^— (acoustic energy) « % Jl#cf* (a torus) F^iffittfc 
^rbTfeS^lRlfctiBR-rSo 10(^»I(CloV>t, »t©f^^fx^ 
^-^it-r^fc^. BB^flc^fill^iR (a side branch) A^^nS. S 
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mi (a regenerator) *<S!ttM*©«f fcBfrtU 1 ©^IRS (a first heat 

exchanger) tf, mmr&^w^fr^-iDjjfaicttVTwmmvTmz&rcz 

WB%%<Dm 1 (DMfcWfrft, ^2<D$g£^S§ (a second heat exchanger) #«g 
IKiS<D^2 0fflajcB^nri^So ££T\ m&mgO— Jjl±W]ftUm (an opera 
ting temperature) ^&mm(Di&f5lZffimffl$i(DM&. (an ambient tem 

perature) K$>%> 0 ;*3gB/§ m.W<D^mnm^.M^:m^Kf Zfc 

ffiWWfoK^frtircmmifcZiftlffl^ (a mass flux suppressor) ^r^tfo 1 

-T^fci6, ®j^iS^^fe§^^f§^^bfcM«« (a thermal buffer col 
umn) ^-a*t? 0 

[0 0 1 1 ] 

o 

[0 0 12] 

u > ^ggo^tfffl ^ nr # /t tf x h v tcf^t> o xmmmm^mmir % ztic 
&o&<£'£tiT^%o bfc^oT, x#— y>^"9-^r^;i/ (^oiawoisw^^ 

[0 0 13] 

0 1 A 43 «fc Um 2 A n* X * - U V W10*3 <fcD*X?-U> $f x 

«^*K:a!i«fiaaEo*«BTo tAD, sit. srcttttiiT^ ©ffe©*4s*>t,ai 
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[0 0 14] 

[0 0 15] 
G&8] 

^t)=i m (x) + Re[^(x)e^] (1) 

Swift £0 rS^fgOM^^rPtS^^TJ ("Simple harmonic analysis of r 
egenerators/'lO Journal of Thermophysics and Heat Transfer, pp. 652-662(19 

96)) ttmmztirc^) „ *r^-ftt, ^cm^co^m^m. -t^^^ee^ 

[0 0 16] 

Bfe<);tf@2B(i:i$ti§o E l Afe^t^HZ A^et>^c^<El®tc4oV>T. p 
) tcfett^ffi^^iffl«-tfn-e$>§i:i/^^46TLS^«\ 01BOp,c 
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fm*fflBi?Z&tlfoTlZ I p. I ttt®ll,T'hl£<, LfctfoT, p» 0 
1 B*3«fctfBI2 Bt^n^cfc^^ p.c ^fc^p.H &Ci£<&tfnk?&£&t/\, 
[0 0 17] 

G&9] 

Qc 

B&l 0] 

**c =| Re [pic^ic]=|| J Pic||f / 1 c| cosa c 

fcSt^Lt^fcjfWW^So CCTfs 9c it p.c tUic £:<D|ig<DtirtBfc*?&£o 

msnc. mmmmm.m&.M^mnz cttp-vz, Lft*bT, 

^OJ^SP*! (DIM. £ & 5o 
OKI l] 

[0 0 18] 

SnS^lRU IE<Dx#l^»i:&tf*U;f& IfcAbt, U.o ^.fctfUic 
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G&l 2] 

nif^?>-r\ Lfc^ot, p.cQ&ffla, U.c CDfeffl^U.o OlSifctDPIOHil 
p.o -p.c fcj\ S^tsl^OU, 0$>^>iPfi¥^i:lRli^ (M?t) bTl/^ttn^ 

[0 0 19] 

^FMJgT. (x) it, ^§§J_2tCi;oTTo^5>TH^±#-r§ 0 COT.fiO 

w^-efe^/ci6, wmmmitmijuL, i u.« i > i u. 0 I tfr% 0 ££>^ 

HU 3] 
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\\PiHp lH \cosG H > ^\PiJPio\ cosd o 
[0 0 2 0] 

[£H 4] 

1 

-Re(p lff J7 m )^e H 

Mpio — p« 1 2 IC £ o T U ■ <OftPg¥t%fc*t btj:bif 3 fe 

[0 0 2 1] 

Bfci 5] 

27T/0> 1 T 1 / « \ 

0<D{&Mt&&.m%i 6fr5jftttrr3o C e p e r l e ytefcl^Ttfc^ 
I?n§^tTfe§o ££DC £%Mti£tZ>rctbte, Ceper 1 e y iCtel^Tti 
SBWteiS— ocD«l=m^J;n^ ^<D^«k?)3>/^^ hTfeS/ci6g|3tc43l/^ 



(14) ^2 00 2-5 3 5 59 7 

[0 0 2 2] 

~v%>%> ^mm^mt & tc tb<Dmm&*mmt s & © fcstu*?- & „ < y -3. 

^^tcfe^sBUoffimjcfei/^T^^nfcW^^^—^a^^-rso otic 
&<om&'?z>&o\^ M»?^mffl»A6.^^i* : 3_oi^tc@Bs^nT^D, b# 

[iU 6] 

M 

[0 0 2 3] 
[»1 7] 

Pic-Pu = r m u im (4) 

(D&WteB.-t feTOs, gam 3 otcfetta n vx^-r T V XSg 4 8 iot 

3_0 VXg|3_5_0 *5iSf*lft5iSU.L *WO^$Siigll%I 

[f»l 8] 



(15) ttS2 0 0 2-5 3 5 5 9 7 

U 1L =U 10 + j-£-p l0 (5) 

' m 

y x gfl 5_o ic w £ j±tj M & 



Piy - Pio = i°>- J 7r\ U w + j^-Pio > 



(6) 



tblCiZ (4) (6) *Mfr&t>*k% *ft]ifcR«. Vo, 1 *5£tfS tc*5 

[0 0 2 4] 

m$&6 2 tm^^6 4, 6 6 fc^tr, si/^EP6 8tcj:oT^nri/^<fc 

§ © T? § o LfctfoTC <Dmm~? %> f±»6 8 EC «fe o T'&m<DX $-V> 

^xy^yfcfctti^iifxhy^T^en^feOT^So Lung! 

G&2 0] 

M 



(16) 1#g2 0 0 2-5 3 5 59 7 

T<DMmt. x£ (4) ~ (6) ^tt^MJSt^tOT^D, #lcTtt# 

c * h ic^z. % rctf-efo 3 o 

[0 0 2 5] 

&atc*f l TSJt««B8«fc & s « Jtwr s ft 46, jaaatob^ttntf ^ * 

[0 0 2 6] 

fc^r*/^* >x c agin y^-r r vx^jssltv^o 

[0 0 2 7] 
B&2 1] 
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[»2 2] 

4Re[K 15 / 1J? ]^ ^gazf^Q 2 (7 ) 
2 L151 * J 2/? (1-0/10 + (a*,/*) 2 

LfeA^T, a)' L C < 1 Tfe§lf-&^^(/^OTt^¥^^tl7c^y-7P- 
CfR2 3] 

mz 4] 

£ s =|Re[K ls / ls ] 

nrc^ *7-fc* e. t m. m-r % 0 

[0 0 2 8] 

0 3 & «tt? 4 tCfefrS^-*— j?yx 5 0, 8_0 0 ©3 >y^-T 7 

£ ?>tC«0 3^3 c fcD : 4^*3^§3>'7 p ^-rTVX_18., 7 8 fffr 

7 LTV^S jSV^^eaSKK: cfc o T |SI«JC%ffl$ tl#S 0 £ £ T*te 
[0 0 2 9] 
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32 , 6 2 it. ^(D&^temmm* c^mc^rm m^m^m^3 4 com 

(D—Dcomm^xn^m^m^AA^ 6 6<D^mic^xim 3 %>£zj : 4 icm 
Tjkztizmmm&AA^ 7 otaoTiinr^gntt^, mmmfe 5 2 , 

7 0- fc S # X fi , iSM-^SiS 3_4 & 5 1/ ^ {iSSMg^6_6*' £ « 

men, 7 o&a- x'V\sxmttmm<D/wxm£$G±icmm-? 5 t 

34 $ s ^tiffiiS^S^ 6_6 HS8«HaK i: OlfflTJ»*ai^ c i: tfRrflBT** 
§0 M^C^S^^l^S: ^«tt5_2. 7 oa, j§m0 3 

fc£tf4fc:i3^T^2ti£J: < 5fc: fiiaflliSBP*^ ft ^ \c & 2> J; a Sit te ft 

mmm^ftrcttmmmtt^tctbK^ ncicmMtvT^\< 1997^ 
11/321 BKiam^nrc^mtammo 8/975, 76 emzLfcm\ mm 

[0 0 3 0] 

*^<DglJ©SHiTHi, BUttf* (0 3 <DCTcfo3 0, HI 4 (0398^6 0)M) D <D 

m.2 5] 
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[12 6] 

Mc P (T 0 -T c ) 

[12 7] 

Mc P (T H -T 0 ) 

[12 8] 

M 

^f^iiJWtftttSo tutBOG e d e o n« N ^#©iffintctt LTBWR&SS 
[12 9] 

M 

[13 0] 

M 

[0 0 3 1 ] 
[13 1] 

M 
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m3 2] 

K*,0 = ^(^) + Re[^(jc)e^] + | 2 (*) (8) 

o 

[0 0 3 2] 

fuWOG e d e o n fit 2M&<Dmm^mtl£nrc%mffiM 
[£fc3 3] 

^ 2 =|Re[p l l7 1 ]+P m C/ 2 ( 9) 

XhU-^y^Lta^nTI/^o MdBOG e d e o n 

HS3 5] 
[1*3 6] 
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[13 7] 

C/ 2 =-|Re[p 1 a 1 )p m =-^ 2 /p ffl 

[13 8] 
[13 9] 

G to « ~M 2 c p {T 0 -T c ) l®m%k (11) 

~M 2 c p (r„ -r 0 ) x>v> (12) 

[14 0] 

(Dftmcj&VT, m3 35£ZSm4(DWmm3_2, 6 2^fc^^MffiS5 2, 7 0 
[14 1] 



/OSS 



[14 2] 



[14 3] 



(22) 



#g 2002-535597 



Qioss r (T 0 -T c ) w c r (7-p -T c ) Q c (ig) 

^Tt±i <fcD^i/\ ^n^*., znzvmi* 1 <kt) ^ltik 

[0 0 3 3] 

^«U2 3HzT«^ ^Rfcltf 1 4mlCftSJ:atcU/-Co 
8 0 ^gWlc^&teOSfrggx^V 7_8 j: oTigft^^fco — j&^SIfcl 
RlSf^On— *;Hfi^-r„ g§^7- l 1 4 aSE(D^t"^yX8 2, n 
>^7^7>X8 4, fftiftEffiteBfl 8 6^Io T^FtHH 0 KWmt % o Hi 
©JMf&£iftS 8_8 *5i: tfSI 2 <PJSiB3&5S&gg9 6<DJ1 0 (Di7 5 ^ 1 0 2 , 

[0 0 3 4] 
[0 0 3 5] 

^0 4 0 OtDy-f-f) <D& J $>$&(DXT>ls7,m(D7.ZV—>%:m%6. I cmV 
WJ;?^ 7;l/^y©iIIi$ ( 3 0 0 KT* 1 0 0 ;t m) «fc K> fefo £vh£ 



(23) !t#g2 00 2-5 3 5 5 9 7 

l\ Wm%% 9 8 (Dm K> OXf > UXglOJEftggg 9 4 & 1 . 4mm©»io 
T^fco iil Sl 0 4 &|*H13. Ocm, 1^10. 3 cm, MJ?0. 8mm 

(D^m^p^RttiT^ofco jgafttxo_4<ofiStir;Vdrxo3te < ttS38as$(3 

0 0KT'9 0|im) J:Hfoi:^<, fcfc^cDg^fci: I p. I /p.~0. 1 
■a§§£ LTO^tT, iIiSj_0_4t'©llt^^ (plug flow) 

[0 0 3 6] 

yr<<^— y?X(D-7ls— L>Ki/<?*f?lcm^rc 1 . 8 Q<Dg£<DN i C r 

^g§8_8 4o«J;tf^2 0MIM^^9_6) it, mt.mfrt>%:&mm (shell-and- 
tube construction) T^D> 1 . 7 mm, S£ 1 8 mm<D®(D|*lg|$cDr;l' 

drvT* I p. i/p.—o. lvmi o 4 (du-( y^xm.^n-Dfc^cDv^-prco 

mi <DmUm&m%n8_8teZ<D£5%;W%:3 6 5f U fg 2 <DJg|2B£&&8g 9_6 
{£9 lttWco 
[0 0 3 7] 

^t-^vx8 2&, mMMmtjm^u^^fcib^ mt%-ew6Km'?&5 

fc7fi<E>P38ili:&o;tel*tfl2. 2 cm, ft£ 2 1 c mOW^Ift^o fc Q 
3fciS ic •$ & tc tb K , << -i— Z y X82. t ^18 6£MMg|3 n a D & rf A <D 0 

H*, ^^>^O^Sg|5^5i/^1?;l/h^ffi^iS3t:^«^j;^^(0^-r) £tc 
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cfcoT. foZ—mOfKmicGLftLfco 3V^7^7VX84^ 9 5 0 cm 1 © 

wm<D. 2:2: i<DT*'-vrh&*&vrc¥ft<Dmm*'v&^rco 

[0 0 3 8] 

0 6 8m MB7K^m^m^m^ntzn^<Dumx^^, 

I Pic I /-P,-=-0-. 0-7m 7-OAV-©M#a#-i*0-7-*^toH 
[ft 4 4] 

M 

[0 0 3 9] 

(DX^-dTcC £*^?rct£>lz s m6lC7jk-?£5K, itttOfe^i l 0 8 ^2 
[ft 4 5] 

M 

[ft 4 6] 



(25) 
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M = 0 

fco mk'&o&z^ i 08 ao. o4^e>o. io$to| p» i/p.©$bh 

T?fH»bfeo -ffi<0»J5£T?fci\ 1 0 6 T* (H^To=l 3°C) *^§§ 

C»4 7] 

^PSp-TSCfctcJ^TTcfc- 1 1 5 °C^?>7 0 C^^^^6, I P.c I /P. 

= o . 054 w?n/co 0 7 o^o-o^$nfeSB#fe<ktfts«- ! E-ti j e f n#e» 

[S4 8] 

^l, $rcts«*fjs-rstf3?T^5o safest*, m^e^s^Hj^n 

0R4 9] 

rr sidebranch 

[0 0 4 0] 
GR5 0] 



(26) &m.2 0 0 2-5 3 5 5 9 7 

W c =^e[p lc U lc ] 

Qc 

G&5 2] 
D&5 3] 

Qc 

tom^^fc. To — Tc {CbbMLT, Tc =- 1 2 0°CT 1 0WSti^t§„ 
[ifc5 4] 

Q C /W = T C /(T 0 -T C ) 

■VCDffimtDlE^W/U—te, Tc = ToT-0-tfn^e,Tc =- 1 2 0°C-e<D3 5 

G&5 5] 

W = (40wc«5)(r 0 - T c )/T c 



[0 0 4 1] 
[15 7] 

w 

sidebranch 

rtV—<om 5 Wtt^ttOfeSl 1 0 8 <DT^ 2 ©^ia^tftS 9_6 T«L 
, 1 5Wtt««iS9_8 43J:tfl»gJ-rS^^8_8, 1 0 6 •gSfeteOfc&fcjfrb 

[0 0 4 2] 

[15 8] 

»; = 4ow 

[15 9] 

w 

T re coy ered 

IZ&ZZrS OWT^D, Lfctfot, 
[16 0] 



(27) #g 2002-535597 

7 -ctr-ts Tc irctmztitc 



W 

rr sidebranch 



m6 1] 



(28) 



^200 2-5 3 5 5 9 7 



YV recovered 

me 2] 

rr sidebranch 

[0 0 4 3] 

*I^WOiV^XDllSfii^J*attWrSfc46JC^ 0 8 tc^-Txy^V 1 2 0 £:fE 

o 

[0 0 4 4] 

Wm%% 12 2 ^ iSS^8. 8 9cm£«ttnl?n> 7. 3cm»Wc 
1 2 O^^^n-CDX^^l^XiicDX^U — ^frSfNSJLfco X^'J — XD^I^fi 

mn<r>M v -^(DwmmttMicirz tom&nmz 0 . 7 2 r% 

^J4 2 (iratSofc, Cin«^g§X_2_2tC^3V^T 1 4 4 6 0/imt 

JBE^3^#§±2_4<D^ffi!l4S8'e<DMi? « 1 2 . 7 mmX\ iSMMtffiT'li 6 . 0mm 
lc & £ <fc 5 -r — / ^DX L fco 
[0 0 4 5] 

IW 1 2 6 te N 2 2 fcR— ^g-C^ S?tf2 6. 4cm<DRff?|£ 



(29) 4#S2 0 0 2-5 3 5 5 9 7 

me 3] 

\Pi\/p m ~0.05 

X'CDtfX^tiL (2. 5 cm) «fc K> fi&frlC*#V\, iWttilfi«tSf 1 2. 
7mmT% ISW^9. 6 c m*tlft £ 6 . OmmtiiiltV^ 

— .fc^fe 4^®#f&j»0 -8-/ 9- 7 5-, 7 -6-6^#fig© -C 
o \tW}"T- ZICX tltf , cl (Dff££<DX h U - ^ > U C O^SOX h U 
-5y»1 0 0 7'yh<D|«tf;„ CO^&iJUJ^lC^oT, CCDS© 

x> ^v-e&i&tgffite^-r— anx-r ci ttft>frz>o * 7 6 6 m 

itftzft^c tit. *7 6 emmfrzmffiT^&T'&zSo 

[0 0 4 6] 
[0 0 4 7] 

m 1 ©»iffi»S!»88 ±3_2tm 2 ©JSiar»S3ft»_L3_4 aftfc©fr5&S#| 
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CLAIMS 



[Claim(s)] 

[Claim 1]it is a piston loess progressive wave device characterized by comprising the following 
— e. — a piston loess progressive wave device which consists of a mass flow bunch suppressor 

foiiiifiing_ara 

average of said fluid into the minimum. 

a. An annular solid for circulating sound energy in a certain direction for inside of a fluid. 

b. A heat accumulator arranged to this annular inside of the body. 

c. The 1 st heat exchanger arranged about the direction of said sound energy through which it 
circulates at the downstream of said heat accumulator. 

d. The 2nd heat exchanger arranged at the upstream of said heat accumulator. 

[Claim 2]f. The piston loess progressive wave device according to claim 1 which contains further 
a heat buffer pillar with which it is arranged in said annular inside of the body near the direction 
in operating temperature of a device of said 1st or 2nd heat exchanger, and said heat exchanger 
is insulated thermally. 

[Claim 3]The piston loess progressive wave device according to claim 1 or 2 in which said 

annular solid is shorter than wavelength of sound energy through which it circulates. 

[Claim 4]The piston loess progressive wave device according to claim 3 with which said annular 

solid constitutes an acoustic inertance part and an acoustic compliance part. 

[Claim 5]The piston loess progressive wave device according to claim 2 with a larger diameter of 

said heat buffer pillar than the viscous depth of penetration of a fluid. 

[Claim 6]The piston loess progressive wave device according to claim 2 with the larger length of 
said heat buffer pillar than the peak to peak of amplitude of displacement of a fluid molecule. 
[Claim 7]The piston loess progressive wave device according to claim 5 or 6 in which said heat 
buffer pillar is a taper type. 

[Claim 8]The piston loess progressive wave device according to claim 1 or 2 in which said mass 
flow bunch suppressor is a supple film. 

[Claim 9]The piston loess progressive wave device according to claim 1 or 2 which said mass 
flow bunch suppressor is a fluid jet pump, and has geometrical form effective in bringing about an 
unsymmetrical end effect since the failure of pressure with this jet pump opposite to a mass flow 
bunch which passes the jet pump concerned is produced. 

[Claim 10]The piston loess progressive wave device according to claim 1 or 2 in which said 
device is a freezer and whose heat exchanger of the downstream is a low-temperature heat 
exchanger. 

[Claim 11]The piston loess progressive wave device according to claim 10 in which said annular 

solid is shorter than wavelength of sound energy through which it circulates. 

[Claim 12]The piston loess progressive wave device according to claim 11 with which said 
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annular solid constitutes an acoustic inertance part and an acoustic compliance part. 
[Claim 1 3]The piston loess progressive wave device according to claim 1 or 2 in which said 
device is an engine and whose heat exchanger of the downstream is a high-temperature-heat 
exchanger. 

[Claim 14]The piston loess progressive wave device according to claim 13 in which said annular 

solid is shorter than wavelength of sound energy through which it circulates. 

[Claim 15]The piston loess progressive wave device according to claim 14 with which said 

annular solid constitutes an acoustic inertance part and an acoustic compliance part. 

[Claim 1 6]The piston loess progressive wave device according to claim 1 or 2 in which said 

device is heat pump and whose heat exchanger of the upstream is a high-temperature-heat 

exchanger. 

[Claim 17]The piston loess progressive wave device according to claim 16 in which said annular 

solid is shorter than wavelength of sound energy through which it circulates. 

[Claim 18]The piston loess progressive wave device according to claim 17 with which said 

annular solid constitutes an acoustic inertance part and an acoustic compliance part. 

[Claim 19]The piston loess progressive wave device according to claim 10 which contains further 

an engine for having the 2nd heat accumulator and generating said sound energy, a 

high-temperature-heat switchboard which is downstream to propagation of said sound energy of 

said 2nd heat accumulator, and a circumferential warm temperature exchanger which is 

upstream of said 2nd heat accumulator. 

[Claim 20]The piston loess progressive wave device according to claim 1 9 with which said engine 
is formed in the 2nd annular solid connected to an annular solid provided with said freezer, and 
this 2nd annular solid has the 2nd mass flow bunch suppressor. 

[Claim 21]The piston loess progressive wave device according to claim 19 arranged to the 
annular inside of the body said engine was provided with said freezer. 

[Claim 22]The piston loess progressive wave device according to claim 10 with which equips the 
2nd [ at least ] annular inside of the body with the 2nd freezer, this 2nd annular solid shares at 
least a part of the capacity with said annular solid, and multiple connection of said freezer and 
said 2nd freezer is formed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Description about the federation's right] 

the contract Wth that this invention was decided by the U.S. Department of E nergy — it was 
made by the governmental support based on-7405-ENG-36 No. The government has the right to 
be related with this invention. 
[0002] 

[Field of the Invention] 

Generally, this invention still more specifically relates to the progressive wave engine and freezer 
which operate as a Stirling engine and freezers about a progressive wave engine and a freezer. 
[0003] 

[Background of the Invention] 

Many important advanced technology exists in this invention. The most important advanced 
technology is the Stirling engine and freezer which have 100 years of history. The important step 
which removes moving parts from a Stirling engine and a freezer started in 1969 when William 
Beale invented the "free-piston" variety of the sterling device. A crankshaft and a link 
mechanism are replaced by the gas spring, and it enabled it to choose the load rate of gas, and 
the mass of a piston in this variety, so that a piston may cause resonance movement with 
desired pitch, amplitude, and a phase. 
[0004] 

"The gain and efficiency" of a short progressive wave heat engine of Ceperley. ("Gain and 
efficiencyof a short traveling-wave heat engine, "77J.Acoust.Soc.Am., and pp.1 239-1 294 (1985)), 
The essence of a Stirling engine and a freezer is the heat accumulator (and heat exchanger 
which adjoined) with which a pressure and speed vibration which remind an acoustic traveling 
wave synchronize, Therefore, the sound network which has the shape of an anchor ring 
intrinsically including the sterling heat exchanger component has suggested that such a 
synchronization can be given. The efficiency near 80% of the Carnot efficiency claimed 
theoretically that Ceperley was possible with such composition. In addition to the gas spring 
effect of Beale, Ceperley uses a gas inertia effect, and by it, the contribution of Ceperley is the 
point of having removed the big piston of the invention of Beale, and can be regarded as 
extension of a contribution of Beale. Other related instruction by Ceperley is described by U.S. 
Pat. No. 4,113,380 published on September 19, 1978, and U.S. Pat. No. 4,355,517 published on 
October 26, 1982. However, Ceperley did not give instruction of how to realize a practical device. 
[0005] 

The usual orifice pulse tube refrigerator (OPTR) (Radebaugh, "A review of pulse tube 
refrigeration, "35Adv.Cryogenic Eng., and pp. 843-844 (1992)), Although it operates 
thermodynamically like a Sterling refrigerator, low-temperature moving parts — a passive 
component — that is, It is replaced by the heat buffer pillar (a thermal buffer column) and 
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dissipation acoustic impedance network (adissipative acoustic impedance network) which are 
known as pulse pipes. Efficiency of OPTR [Equation 1] 

It is restrained by ** and the basic target by thermal-ratio T C /T Q . This thermal ratio is lower 
than Carnot value Tq/(Tq-Tq) because of irreversibility peculiar to a dissipation acoustic 
impedance network. T is temperature, [Equation 2] 

Qc 

It is ****, [Equation 3] 
W 

_ -ft-fe-*****^^ 

side, respectively. OPTR can be regarded as other means to remove moving parts from a sterling 
device. However, the efficiency of OPTR is fundamentally smaller than the efficiency of a sterling 
device, and OPTR can be applied only to a freezer. 
[0006] 

The usual OPTR has used the heat buffer pillar known as pulse pipes for a long time. However, 
this component was accompanied by considerable heat leakage till these days. However, heat 
leakage which met such a heat buffer pillar can be made small by 5% of the cooling power of 
OPTR by using a tapered vessel as explained by U.S. patent application 08th for which it applied 
on November 21, 1997 / No. 975,766. Although the heat buffer pillar had been used by 2 piston 
Sterling refrigerator and OPTR, it was not used with a Stirling engine. 
[0007] 

In connection with the double entrance OPTR. "Sterling and DC gas flow in a pulse-pipes 
cryogenic refrigerator" ("in Ross "DC gas flows in Stirling and pulse-tube cryocoolers) of 
Gedeon The time average mass flow bunch ed., Cryocoolers 9 . and whose pp.385-392 (Plenum, 
NY 1997) are not zero how when a closed-loop passage exists for a regular mass flow bunch 
[Equation 4] 

M 

It is being explained whether it produces with **, sterling, and a pulse-pipes cryogenic 
refrigerator. It passes along a Stirling engine or a freezer. [Equation 5] 

M 

It is indispensable that it is close to ** and zero. A regular energy flow bunch with big it 
[Equation 6] 

Mc p (T 0 -T c ) 

Make not add ** and the heat load which is not desirable to the low temperature side heat 
exchanger of a freezer, or it is a big regular energy flow bunch. [Equation 7] 
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Mc p (T H -T 0 ) 

It is for not removing ** and big quantity of heat from the engine elevated-temperature side heat 
exchanger. It is because efficiency will fall in these any case. There is c p with the gas isotonic 

specific heat per unit mass here. 
[0008] 

Other advanced technology with a directly small degree of association to this invention is the 
heat sound engines and freezer groups of the conventional type developed in the past 20 years 
in Los Alamos National Laboratory etc. These use the synchronization near the ordinary wave 
between gas pressure vibration and speed vibration, and use the imperfect heat contact 
(otherwise, mistaken for a heat accumulator) on purpose in a stack, and operate in a cycle 
irreversible peculiar. Therefore, the peculiar practical problem of irreversible and others 
restricted greatly a best ordinary wave heat sound engine and freezer to the bottom [ Carnot 
efficiency / 25% of ]. 
[0009] 

Vari^^s-ptrrposes-of^his-iRW^ 

of the following [ part ], and by examining the following explanation, a part becomes clear to a 
person skilled in the art, or will be mastered by operation of this invention. The purpose and 
advantage of this invention will be realized and acquired with the means and combination which 
are concretely pointed out by an attached claim. 
[0010] 

[An indication of an invention] 

If the purpose of this invention explained concretely and comprehensively until now is followed in 
order to attain the above and other purposes and, this invention contains the sterling device 
which does not use a piston. An acoustic energy (acoustic energy) circulates through the inside 
of an annular solid (a torus) in the direction through a fluid. In one embodiment, in order to 
transmit an acoustic energy between annular solids, side branching (a side branch) is connected 
to an annular solid. It is placed by the heat accumulator (a regenerator) into an annular solid, and 
the 1st heat exchanger (a first heat exchanger), It is put on the heat accumulator 1st side which 
hits downstream from a heat accumulator to the direction of the circulating acoustic energy, and 
the 2nd heat exchanger (a second heat exchanger) is put on the heat accumulator 2nd side. 
Here, one side of a heat exchanger is in operating temperature (an operating temperature), and 
another side of a heat exchanger is in the temperature (an ambient temperature) of ambient 
environment. The improvement in this invention contains the mass flow bunch suppressor (a 
mass flux suppressor) put on the annular inside of the body in order to make average mass flux 
of a fluid the minimum. In one embodiment, a device contains the heat buffer pillar (a thermal 
buffer column) which adjoined the heat exchanger in operating temperature in order to insulate 
the heat exchanger in operating temperature thermally further. 
[0011] 

It is useful to be included in this specification, for the drawing of the attachment which forms the 
part to show the embodiment of this invention, to become together with explanation of a 
specification, and to explain the principle of this invention. 
[0012] 

[DETAILED DESCRIPTION] 

Although the new engine and freezer of a kind by this invention operate thermodynamically like a 
Stirling engine and a freezer, all the moving parts are removed by using a sound phenomenon 
instead of the piston used in a sterling device so far. Therefore, the advantage of the efficiency 
of a Stirling cycle (the peculiar limit is the Carnot efficiency) and the advantage of the 
simplicity/reliability which does not have moving parts of an irreversible heat sound intrinsically 
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are acquired with these devices. 
[0013] 

The indispensable component of Sterling refrigerator 1 0 shown by drawing 1 A and drawing 2 A 
and Stirling engine 20 is the heat accumulator ]_2. Each heat accumulator has the two heat 
exchangers 16 and 18 w hich adjoined. As shown by the arrow long [ gas (or other thermodynamic 
active fluids) ] drawing 1 A and drawing 2 A and large, Sound power goes into these components 
by end T Q of environmental temperature, and the pressure vibration and displacement vibration 

covering these components are experienced with a phase which comes out from other ends of 
low-temperature T c or elevated-temperature T H . The heat accumulator 12 has calorific capacity 

and the gas passageway in the heat accumulator 12 has a hydraulic radius smaller than the heat 

depth of penetration in gas. 

[0014] 

In order to consider a thermodynamic cycle quantitatively, essential physics relations are one 
dimension spatially, and x assumes that the coordinates which met towards oscillating gas 
movement are specified. Use of the usual left-handed-rotation phase vector display will express 
a time-dependent variable as follows. 

[801-5]— - 

[Equation 8] 



«*.0- t<*)+^<*y w ] (i) 



Average value xi m is the real number, and to the time t, it is independent and xij(x) is a complex 

number and expresses the size and phase of vibration. Vibration takes place by angular 
frequency omega=2pif. Here, f is the usual pitch. In order to explain the concentration and 
distribution impedance which were related with the component of an engine or a freezer, 
acoustic resistance, an inertance, compliance, and the term of the transmission line are used, 
and an acoustical viewpoint is shown. . This approach has so far succeeded also in the inside of 
a heat accumulator. (For example) "Easy harmonic analysis of a heat accumulator" ("Simple.) of 
Swift and others harmonic analysis of regenerators, "10 Journal of Thermophysics and Heat 
Transfer, and pp. 652-662 (1996) should be referred to. This approach has mainly focused on 
usual sound variable, i.e., pressure amplitude, p 1 and volume velocity Uj. Those of x and U 1 for 

Masakata are taken as a direction of a positive sound power flow. 
[0016] 

The efficient feature of the phase vector figure of a Stirling engine and a freezer is shown in 
drawing 1 B and drawing 2 B. In drawing 1 A. drawing 2 A, and the continuing drawing, the inferior 
letter of the capital letter attached to variables, such as p 1 and U 1f corresponds to the position 

by which label attachment was carried out by T with the same inferior letter, it is said that the 
phase of the pressure in the low-temperature heat exchanger (for example, heat exchanger 1 6 of 
drawing 1 A) of a freezer and an engine high-temperature-heat exchanger (for example, heat 
exchanger 18 of drawing 1 A) is zero — if it decides, p 1c of drawing 1 B and p 1H of drawing 2 B 

will come on a real number axis. Generally, the pressure drawdown which crosses a heat 
exchanger can be disregarded as compared with the pressure drawdown which crosses a heat 
accumulator. On the other hand, the pressure drawdown which crosses a heat accumulator must 
be small as compared with |pj, therefore p 10 must be close to p 1c or p 1H , as shown in drawing 1 

B and drawing 2 B. 
[0017] 

Generally, the energy flow bunch of the time average which passes along a heat accumulator is 
small. Cooling power shown by a short and thick arrow when the law of conservation of energy is 
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applied to the low-temperature heat exchanger 1 6 of drawing 1 A [Equation 9] 

Qc 

**, total sound power which flows into a positive x direction from the low-temperature heat 
exchanger shown by the long arrow by drawing 1 A. [Equation 10] 

«c =\MpicPic\=7^PicP\c\<x>s Q c 

It turns out that it is almost equal. Here, theta Q is a phase angle between p 1G and U 1C . Heat 

leakage can flow into a low-temperature heat exchanger, therefore sound power actually serves 
as a maximum of actual cooling power. 
[Equation 1 1] 

Qc *1*4picU 1c ] (2) 



[0018] 

In drawing 1 A . in order to attain positive cooling power, the sound power must flow into the 
direction shown by a long arrow, and a positive x direction. Therefore, there must be U 10 and 

U 1C in the flat surface in the right half of drawing 1 B. Probably rho m U 1 will be independent of x 

within a heat accumulator (rho m is the mean density of gas here), and its phase of U 1 will be 

especially constant through a heat accumulator, since it is thought that the idealized heat 
accumulator has the carrier gas volume which can be disregarded, however, the atmosphere in a 
heat accumulator — a product — not zero but U 1 — a part — atmosphere — producing x 

dependence proportional to a product and iomegap 1 is known well, this begins from small x of U 1 

(namely, — going to the circumferential warm temperature exchanger 18 ), and produces 
dispersion in the phase of U 1 through a system. About given cooling power, |Uj starts operation 

of the most efficient heat accumulator, when as small as possible. This is because the minimum 
viscous pressure drawdown resulting from the imperfect thermal contact in a heat accumulator 
that crosses a heat accumulator, and the minimum energy flow bunch that passes along a heat 
accumulator are produced. Given[Equation 1 2] 

w c 

In order it is alike, to attach and to attain small IllJ, U 1 must almost be aligning with p 1# therefore 

the phase of p 1 must have it in somewhere between the phase of U 1C , and the phase of U 1Q . 

Viscous pressure drawdown happens through a heat accumulator, therefore P^q""Pic must ^ e 

aligning with the weighted average with U 1 in a heat accumulator (parallel). | Since the both sides 

of Ujl and viscosity become the highest by ambient environment end T Q of a heat accumulator, 

typically, a weighted average is governed by U 10 and ensures that p 1Q usually leads p 1c . All these 

features are shown in drawing 1 B. 
[0019] 

Most may be directly applied also to an engine among the above-mentioned explanation. The 
component of the Stirling engine currently illustrated in drawing 2 A is almost the same as them 
of a Sterling refrigerator as above-mentioned. There is the heat accumulator 12 of a freezer in 
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absorbing work to the heat accumulator [ in / in a primary difference / an engine ] 12 generating 
work. This difference can be seen in the phase vector figure in drawing 2 B. When it is theta Q <90 

degree, sound power flows into the ambient environment side of the heat accumulator 12 . 
Intermediate-temperature T m (x) goes up from T Q to T H with the heat accumulator V2. rho m falls 

by the rise of this T m value. To x, since it is almost unrelated, volume velocity increases and this 

primary mass flow bunch rho m U 1 becomes |U 1H |>|U 10 |. The phase of Uj is rotated similarly in a 

freezer by the volume of the gas by which it goes together in the heat accumulator. The position 
over U 1Q of U 1H is determined by these two effects in drawing 2 B. Amplitude of sound power 

[Equation 13] 

\\PiHp 1H ^osO H > ^\p l0 lU 10 \cos9 0 

Be alike is given. 
[0020] 

_ Since the energy flow bunch by the heat acc umulator 12 which carried out the time average is 
small, the sound power which flows out of the high-temperature-heat exchanger 1 8 is almost 
the same as the heat which flows into the high-temperature-heat exchanger 18. in order for heat 
leakage and other losses to reduce this power also here, Q H serves as a maximum of sound 

power — namely [Equation 1 4] 
1 

It becomes. The position of p 1Q to p 1H is based on the viscous pressure drawdown in the heat 

accumulator 1_2, and difference Pjq"~Pih ' s proportional to the weighted average of U 1 with the 

heat accumulator 12. Like a freezer, |Uj is the maximum and a viscous effect serves as the 

maximum in the elevated-temperature side edge of the heat accumulator 1 2 whose viscosity is 
the maximum. Therefore, in order that U 1H may rule over, p 1Q is slightly late for p 1H . 

[0021] 

It is as above-mentioned sound power when it returns to a freezer. [Equation 15] 

It flows out of the low-temperature heat exchanger 16 of ******** J_0. This sound power should 
be ideally transmitted without the loss to the circumferential warm temperature exchanger as 
taught in Ceperley. In order to attain this, the full wave length annular solid for transmitting sound 
power in Ceperley is indicated. However, according to one mode by this invention, since it is 
compacter, it is advantageous to use the annular solid 30 below the far short wavelength roughly 
shown in drawing 3 . 
[0022] 

The example of the freezer version of this invention is shown in drawing 3 . The annular solid 30 
which has an overall length shorter than the quarter of acoustic wave length has the Sterling 
refrigerator heat accumulator 32 and the two heat exchangers 34 and 36 . In the text, the term of 
a "annular solid" is a loop of circular or ellipse forms, such as a pipe and a pipe. 
What demarcates a circuit for the cross section to support a desirable and circular acoustic 
wave is meant. 
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The sound power 38 circulates through the annular solid 30 clockwise as shown by the long 
arrow. Another sound power 42 generated by the sound devices 40 (for example, an intrinsically 
irreversible heat sound engine, a voice speaker, a motor drive type piston, or a progressive wave 
engine etc.), It advances into the annular solid 30 from the side branching 44, and compensates 
for the sound power lost in another part in the heat accumulator 32 or an annular solid. The 
mass flow bunch by which the mass flow bunch suppressor 46 is arranged in the annular solid 
30 . and the time average was carried out so that it might explain in full detail by the following 
[Equation 16] 

M 

It decreases to zero substantially. 
[0023] 

In one example, the flow resistance of the mass flow bunch suppressor 46 currently illustrated in 
drawing 3 has resistance R M , [Equation 1 7] 



In a next door and here, inferior-letter J expresses the position of the intersection between the 
annular solid 30 and the side branching 44. It is corroborated that volume velocity U 1L which 

passes along the inertance part 50 of the annular solid 30 by the compliance part 48 in the 
annular solid 30 differs from it which passes along the environmental heat exchanger 36. : 
[Equation 18] 

U 1L -U 10 + j^p 10 (5) 

nt 

The pressure differential covering the inertance part 50 since V Q is the volume of the compliance 
part 48 of the annular solid 30[Equation 1 9] 

Pu -Pio=JU-^\U 10 + J-z JL Pio I (6) 



Tp 



m 



A next door, and I and S show the length and area of the inertance part 50, respectively. If the 
formula (4) and (6) is combined using C and M which are given, and the phase vector in 0 in 
order to remove p 1 j, Single complex expression is obtained in unknown R M , V 0 , I, and S, and 

many possible solutions which make it possible to manufacture a freezer according to this 

invention are acquired. 

[0024] 

The example of the engine version of this invention is roughly illustrated in drawing 4 . The 
annular solid 60 in which the overall length is below quarter wavelength contains the heat 
accumulator 62 and the heat exchangers 64 and 66 of a Stirling engine. Sound power circulates 
through the annular solid 60 clockwise as shown by the long arrow 68. The superfluous sound 
power 72 g enerated with an engine, It is possible to take out by the side branching 74, and it is 
available in order to perform useful work via the sound device 76 (for example, they may be a 
piezo-electric type or electrodynamic transducer, and orifice pulse tube refrigerator or a freezer 
by this invention). The sound power 68 circulates through an annular solid, and gives the work 
inputted to ambient environment end T Q of a Stirling engine. Therefore, the environmental piston 

in the conventional Stirling engine replaces by this work 68 through which it circulates. The mass 
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flow bunch to which the time average of the mass flow bunch suppressor 75 was carried out also 
here [Equation 20] 

M 

The role reduced toward zero is played. This short analysis about the annular solid 60 
corresponds thoroughly to formula (4) - (6). 
Inferior-letter C is only changed into H. 

[0025] 

When choosing the operation frequency for the device currently illustrated in drawing 3 and 4, it 
is necessary to reach a compromise about many problems. Since the length of the device which 
many thermodynamic cycles were performed for every unit time, and was along the propagation x 
is proportional to the wavelength which has a reverse proportion relation to frequency mostly, if 
frequency is high, the power for every unit volume of a device will become high. On the other 
hand, if frequency is low, the design and manufacture of a heat exchanger and a heat 
accumulator mostly proportional to the heat depth of penetration where the aperture has a 
reverse proportion relation to the square root of frequency will become easy. 
[0026] 

It may seem that the fact that sound power circulates through drawing 3 and the annular solid of 
4 clockwise automatically in the illustrated example in spite of each annular solid being below the 
quarter of acoustic wave length should be surprised apparently. However, I will consider the 
electric circuit in drawing 5 A containing the resistance R roughly similar to drawing 3 and the 
acoustic circuit of 4, the inductance L, and the capacitance C, and 5B. The resistance R 
corresponds to a heat accumulator and a heat exchanger mostly, and the inductance L 
corresponds to acoustic inertance, and the capacitance C supports acoustic compliance. 
[0027] 

Electric power which flows through each position [ in / deployment of the expression for the 
alternating current within each component in an electric circuit is easy, and / a circuit ] 
[Equation 21] 



It makes it possible to develop the expression of a ** sake further. In these idealized circuits, 
the power by which the time average was carried out in the inductor L without a loss is not 
absorbed, and it does not flow into the capacitor C without a loss. The power in which the usual 
AC-circuit analysis had numerals of a graphic display in the drawing, was, and the following was 
fed back is brought about easily. : [Equation 22] 

E F - i-Refc^ ]= M "face - <**Q 

Therefore, in being omega LC<1, the direction of the power flow by which the time average was 
carried out always is as being shown by the arrow in drawing 5 A, and positive electric power 
flows through a circuit clockwise, and it is in agreement with circulation of the clockwise rotation 
of the sound power in drawing 3 . Power which dissipated in resistance by energy conservation 
and by which the time average was carried out [Equation 23] 

m m 

E L -E F 
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**, power which flow into a circuit from a voltage source and by which the time average was 
carried out [Equation 24] 

Es =|Re[F ls 7 ls ] 

It must be alike and must become equal. As illustrated in drawing 5 B, when the resistance R is 
negative, it circulates also through power clockwise and the power which was generated in 
negative resistance and by which the time average was carried out flows out of a circuit into a 
voltage source. 
[0028] 

It is clear for the person skilled in the art about sound that drawing 3 and the inertances 50 and 
80 in 4 may contain remarkable compliance and that the inertance whose drawing 3 and 
compliance 48 and 78 in 4 are still more remarkable may be included. The function of these 
components may actually be similarly exhibited by the short sound transmission line by which 
the whole is covered and an inertance and compliance are distributed. Here, in order to explain 
easily, I think that an inertance and compliance are one concentration component, respectively. 
[0029] 

In the freezer in drawing 3 . in order to obtain the greatest cooling power as much as possible, it 
is preferred to abolish the heat leakage to the low-temperature heat exchanger 34 from ambient 
environment. Similarly, in the engine in drawing 4 , in order to make power of a heater required 
since an engine is driven into minimum, it is preferred to abolish the heat leakage to ambient 
environment from the high-temperature-heat exchanger 66. In this invention, the heat 
accumulators 32 and 62 as well as the sterling device of all the before attain such heat insulation 
to the low-temperature (setting to freezer) heat exchanger 34, and (setting in engine) 
high-temperature-heat exchanger 66 side.According to one mode of this invention, heat leakage 
has lost with the heat buffer pillars 52 and 70 illustrated by drawing 3 and 4 in the opposite hand 
of the heat exchangers 34 and 66 . The gas in the heat buffer pillars 52 and 70 can be regarded 
as the insulating piston which transmits a pressure and speed to ambient environment 
temperature from the low-temperature heat exchanger 34 or the high-temperature-heat 
exchanger 66.The heat buffer pillars 52 and 70 are thoroughly similar with the pulse pipes of an 
orifice pulse tube refrigerator. Various formal convected-heat movements are able to carry heat 
through the heat buffer pillars 52 and 70 between the low-temperature heat exchanger 34 or the 
high-temperature-heat exchanger 66, and ambient environment temperature.In order to lose 
convected-heat movement by gravity, the heat buffer pillars 52 and 70 should be vertically 
turned so that it may usually be illustrated in drawing 3 and 4 and a low-temperature side edge 
part may become downward. In order to lose shuttle (molecule) convected-heat movement on 
the whole, there should be the heat buffer pillars 52 and 70 for a long time than the displacement 
amplitude of the peak to peak of the gas in these insides. In order to maintain the stratification 
oscillating piston flow in a heat buffer pillar, the commutator (not shown) should be provided in 
these ends. In order to lose convected-heat movement by which the fluid drive was carried out, 
according to the U.S. application 08th for which it applied on November 21, 1997 subtracted as 
reference here / No. 975,766, the heat buffer pillars 52 and 70 should be tapered shape. 
[0030] 

Mass flow bunch to which the time average of the circumference of an annular solid (the annular 
solid 3o of drawing 3 , the annular solid 60 of drawing 4 ) was carried out in another mode of this 
invention [Equation 25] 

M 

It is controlled to near the ** zero and is a large regular energy flow bunch. [Equation 26] 
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Mc P (T 0 -T c ) 

the low-temperature heat exchanger 34_of the freezer of ****3_ — or [Equation 27] 

Mc P {T H -J 0 ) 

From the high-temperature-heat exchanger 66 of the engine of ****4 . it prevents flowing out In 
a traditional Stirling engine and freezer, [Equation 28] 

M 

** — it is zero correctly — otherwise, mass piles up regularly one side of a system, or the end 
of another side. Above Gedeon is never zero at sterling and a pulse-pipes cryogenic refrigerator, 
when a ring closure course exists to a regular flow. [Equation 29] 

M 



It is arguing whether use ********** and produce. The annular solids 30 (drawing 3) and 60 
(drawing 4 ) are this inventions because of it which has established such [ clearly ] a course. 
[Equation 30] 

M 

The minimum is used. 
[0031] 

[Equation 31] 
M 

The variable for which it depended on time in order to understand [Equation 32] 

= £ m {x) + Refe^y* ]+ l 2 (x) ( 8 ) 

** — by writing like, the complex representation introduced into the formula (1) is extended. 
Here, an independent paragraph turns into a big concerns paragraph to the new time which 
allotted the lower additional remark item "2." 
[0032] 

The mass flow bunch by which the 2nd ranking was time-average-ized as for above Gedeon 
[Equation 33] 

M 2 =|Re[pA]+P M t/ 2 (9) 

** — becoming the main concern is shown. Such secondary mass flow bunch is known for 
acoustics as streaming. Above Gedeon, [Equation 34] 
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When you are the sound power which passes ********, set to a heat accumulator. [Equation 35] 

It comes out and a certain thing is shown further. Because of it, [Equation 36] 

It is not necessary to be ** zero and, and is the operation of an efficient heat accumulator. 
[Equation 37] 

U 2 =~^R G [p 1 U 1 }p m =-W 2 /p m 

itncorn^snDUt~and"arcertain~th ^ 

requirement is disregarded. If[Equation 38] 

M 2 ^0 

The heat flow rate which came out, and was started by streaming which is not desirable when it 
was [Equation 39] 

~ m 2 c p (t 0 - t c ) mmm (id 

~M 2 c p {T H -T 0 ) X>5» (12) 

It flows through ** and a system (this heat having equal harmful influence). [Equation 40] 

According to ******, it passes in which of the heat accumulators 32 and 62 of drawing 3 and 
drawing 4 . or the heat buffer pillars 52 and 70 . and flows. As opposed to U 2 =0, [Equation 41] 



Qloss 

The loss of the usual freezer in ******** [Equation 42] 
Hreg 

The ratio which is alike and receives, [Equation 43] 

Qloss r (T 0 -T c ) W c r (T 0 -T c ) Q c 



H re g H reg 7-1 T c H reg 



(1 3) 



It is a ** order. In the 3rd notation, each of three portions of the heat load drawn by larger 
streaming which is so dramatically larger than 1 as for those products, and is not eased than 1 is 
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farther [ than the loss of the usual heat accumulator of a cryogenic refrigerator ] large in a 

cryogenic refrigerator. 

[0033] 

Although the testing laboratory version which materializes this invention in a freezer is shown in 
drawing 6 . this is the same in [ as the thing of drawing 3 ] topology. Fill up the freezer 80with 
argon of 2.4MPa f it is made to operate at 23 Hz, and acoustic wave length was made to be set to 
14 m. The freezer 80 was made to drive with the irreversible heat sound engine 78 intrinsically.A 
dashed dotted line shows a local axis symmetrical with a cylinder. It circulates through the sound 
power 1 1 4 clockwise through the inertance 82, the compliance 84. an d the refrigerator section 
article 86 of a device. The surrounding heavy flanges 1 02 and 92 of the 1st circumferential warm 
temperature exchanger 88 and the 2nd circumferential warm temperature exchanger 96 contain 
the water jacket.O-ring, a general flange, and a bolt are omitted in order to obtain plainness. 
[0034] 

The 2nd circumferential warm temperature exchanger 96 should consent to an unnecessary 
thing for the operation of this invention. It gives rectification of some flows to ****** of the heat 
buffer pillar 104 . Since the reuse of the parts was carried out from the unrelated examination 
containing a traditional OPTR type, the passage of water was included in the 2nd circumference 
exchanger 96 . 
[0035] 

The heat accumulator 98 w hich is a core of the freezer 86 p ierced the screen of the stainless 
steel of ****** of 400 meshes (namely, wire of 400 per inch) at 6.1 cm in diameter, and was 
made from the pile by 2.1 cm in thickness. The total weight of the screen of a heat accumulator 
was 170 g. The calculated value of the hydraulic radius of this heat accumulator was about 12 
micrometers based on geometry and weight. A hydraulic radius is much smaller than the heat 
depth of penetration (it is 100 micrometers at 300K) of argon which is required about a good 
heat accumulator. The pressure vessel 94 of the surrounding stainless steel of the heat 
accumulator 98 had 1.4-mm wall thickness. The heat buffer pillars 1 04 w ere 3.0 cm in inside 
diameter, 10.3 cm in length, and an easy open cylinder of 0.8 mm of wall thickness. The length is 
larger than the amplitude of displacement of 1 cm of gas in [ in the typical working point |p t |/p m 

- near 0.1 when the diameter of the buffer pillar 104 is much larger than the viscous depth of 
penetration (it is 90 micrometers at 300K) of argon ] it In each end, some copper screens (not 
shown) of 35 meshes help to carry out the role as a simple flow consistency machine, and to 
maintain the vibrating plug flow (plug flow) in the heat buffer pillar 104 . Since the high density of 
argon improved the gravitational stability nature of this plug flow, it did not carry out performing 
rectification of a flow, and tapering-ofHzation carefully to this first testing laboratory freezer. 
However, since gas like the helium which gives much more power density instead of argon may 
be used and a device obtains the greatest performance, careful rectification and tapering off of a 
flow may be needed. In order to obtain gravitational stability nature, direction of a freezer 
assembly was made into the lengthwise direction as shown in drawing 6 . 
[0036] 

The low-temperature heat exchanger 106 between the freezer 98 and the heat buffer pillar 104 
was used as the ribbon of 1.8 ohms in length NiCr zigzag wound around the frame of fiberglass 
for the experimental purpose. Along with the heat buffer pillar, it let the heater and the electric 
wire from a thermometer pass to the electrical link feed hopper of the room temperature to shaft 
orientations. Two water cooled heat exchangers (the 1st circumferential warm temperature 
exchanger 88 and the 2nd circumferential warm temperature exchanger 96) are structures 
(shell-and-tube construction) which consist of husks and a pipe. 

It had the Reynolds number of about 10 4 by |pJ/P m ~ 0.1 with argon inside a pipe 1.7 mm in 
diameter, and 18 mm in length. 

The 1st circumferential warm temperature exchanger 88 had such a pipe 365, and had the 2nd 



12/27 



5/22/2009 5:33 PM 



JP,2G02-535597, A [DETAILED DESCRIPTION] http://www4 .ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u= . . . 

circumferential warm temperature exchanger 96 91. 
[0037] 

The inertance 82 was the easy metal tube 2.2 cm in inside diameter, and 21 cm in length which 
became a cone of 7 times as at both ends showed to drawing 6 in order to decrease a 
disturbance fringe effect. In order to convert easily, the component parts of the inertance 82 and 
the freezer 86 were closed to the plate with flat upper part and lower part with O-ring of rubber. 
The flat plate was held at a certain fixed interval by the extension of a flange, and the frame (not 
shown) with the strong pipe along which a long bolt passes. The compliance 84 w as an oval of 

3 

the half with the aspect ratio of 2:2:1 of the volume of 950-cm . 
[0038] 

The freezer 86 was formed as shown in drawing 6 at first, but the supple film 1 08 (it may be 
balloon type barrier membrane etc.) was not equipped. | In PiJ/P m = 0.068, the freezer was not 

cooled lower than the 19-degree Centigrade which is the temperature of the cooling water 
supplied to this Nissui cold type heat exchanger. . However, the phase of a pressure is close to a 
predicted value, the heat load which required the coldness and warmth of the freezer for the 
cold energy exchanger is very strong, and it was independently. For example, into drawing 7 . the 

applieatien-!©ad-of-7QW-only-raise 

circle showed. So, a sound phenomenon and the total cooling power are as having expected 
substantially, and are not very large zero. [Equation 44] 

M 

What was **, otherwise, satisfactory cooling power was overcome, and the state where the 
low-temperature heat exchanger 106 w as thermally fixed to the circumferential warm 
temperature exchanger 88 was held. 
[0039] 

In order to show that it was what the performance of the first freezer shown with the 
half-coating circle of drawing 7 depends on the mass flow bunch which is not zero, as shown in 
drawing 6 . the supple film 1 08 was installed above the 2nd circumferential warm temperature 
exchanger 96. While the supple film 108 is completely permeability acoustically, [Equation 45] 

M 

It was chosen as what is blocked thoroughly. In a prescribed position, the freezer 86 operates 
the supple film 1 08 g ood. [Equation 46] 

M =0 

When maintaining, it checked that this type of a Sterling refrigerator of good operation was 
acquired. The supple film 108 operated in the range of iP^^m ^ om 0 04 to 0.10. In 
measurement of a lot, it is the cold energy exchanger 1 06 (from beginning to end T Q = 13 **), and 
is the power of an electric heater. [Equation 47] 

Qc 

|P 1c |/P m =0.054 was maintained changing T c from -1 1 5 ** to 7 ** by adjusting. It that it was 

obtained by the sign and line by which drawing 7 w as smeared away, respectively. [ 
measurement and ] Power of the electric heater applied to the low-temperature heat exchanger 
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106 in order that a testing point might maintain given T c [Equation 48] 

Q c 

An example and a line are corresponding calculations. Sound power to which the testing point 
was sent out from side branching again [Equation 49] 

W 

r r sidebranch 

****** is shown and a long chain line is corresponding calculation. A short chain line shows the 
recovered calculated value (namely, sound power which passes the supple film 108) of power. 
[0040] 

Cooling power declines as T decreases, and the data shown in drawing 7 shows that the sound 

c 

power supplied from side branching goes up. The calculation which is considering rational 
consistency as the experiment gives the discernment to the main factor of these tendencies. 

The-totel-cooling-power^a - 

W c -±Re[p lc U lc ] 

** and T to these measurement are about 1 laws in 40W independently. Probably, under general 

c 

ideal environment this is cooling power, as discussed near the formula (2). It was calculated as 

T decreased. [Equation 51] 
c 

Qc 

Decreasing below ** 40W is proportional to T Q -T C mostly, and it is based on the thermal flux 
which all almost passes along the heat accumulator 98. It was measured. [Equation 52] 

Qc 

It was calculated. [Equation 53] 

Q c 

A difference also goes up to 10W at T c =-120 ** in proportion to T Q -T c . It can judge easily that 

this depends an insulation on streaming in the usual heat leakage and the heat buffer pillar 104 
which lead, or combination with the convection of a jet drive. It is the cooling power and the 
Carnot efficiency of 40W under the environment most ideal for the 2nd. [Equation 54] 

QJW = T C I(T Q -T C ) 

The necessary net sound power which comes out goes up from the zero in T c =T Q to 35W in 
T c =-120 **. [Equation 55] 

W = (40watts)(T Q - T c )/T c 
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I will become, this had T which descends by drawing 7 — it was calculated [Equation 56] 

c 

W 

rr sidebranch 

It becomes the explanation about the great portion of rise of 40W which can be boiled and set 
[0041] 

[Equation 57] 
W 

wr sidebranch 

******** exceeds a calculated value about 30% for an unknown reason, calculation — about [ of 
sound power ] — 5W dissipates by the 2nd circumferential warm temperature exchanger 96 
under the supple wall 108 , 1 5W is lost for viscosity with the heat accumulator 98 and the 
adjoining heat exchange mechanisms 88 and 106 . and it is shown that 10W dissipates in the 
inertance 82 . 

[0042] ~ 

If this is the conventional orifice pulse tube refrigerator, [Equation 58] 



W c = 4 0 W 

It diffuses within a ** orifice. Computed feedback sound power which is one side of this 
invention in drawing 7 [Equation 59] 

W 

recovered 

It is about 30W of **, and follows, [Equation 60] 

w c 

About 75% of ** is recovered and it is fed back to a resonator via the side branching 1 12. It is a 
maximum temperature, [Equation 61] 

w A 

w recovered 

** [Equation 62] 
W 

rr sidebranch 

It is alike and matches. In other words, the sound power intrinsically sent to the freezer 80 from 
the irreversible heat sound engine 78 by doughnut composition with such a maximum 
temperature decreases to about 1/2 in the case of the conventional orifice pulse tube 
refrigerator. 
[0043] 

In order to describe the example of the engine of this invention, the engine 120 shown in drawing 
8_was produced. The sound wave length which it fills up with helium of 3.1 MPa, and this is 70 
Hertz, and corresponds operated at 14 m. The small circle of the inside of the heat accumulator 
1 22 and its lower part shows the place of a temperature sensor. The pressure sensor was also 
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formed in order to measure P 1Q and P 1H . Most external hardwares are illustrated. However, the 

surrounding frame, acoustic resonator, and variable acoustic load of the rugged bolt of the slide 

joint 148 are not illustrated. 

[0044] 

The diameter was machined into 8.89 cm and produced the heat accumulator 1 22 from the 
screen of the stainless steel of 120 meshes accumulated 7.3 cm. The pile of a screen was 
attached, and removal stored it with the thin wall stainless steel can so that easily. When carried 
out based on the gross weight of the screen in a freezer, the volume porosity rate was 0.72 and 
the hydraulic radius was about 42 micrometers. This is smaller than the heat depth of 
penetration of the helium which changes from 1 40 micrometers to 460 micrometers in the heat 
accumulator 122. The wall thickness in the elevated-temperature side edge of the surrounding 
stainless steel pressure vessel 124 of the heat accumulator 122 is 12.7 mm, and in the 
low-temperature side edge, taper rolling was carried out so that it might be set to 6.0 mm. 
[0045] 

The heat buffer pillar 126 is the same inside diameter as the freezer 122, and was used as the 
26.4-cmHong cylinder. The working point when this inside diameter is farther [ than the viscous 

de pth of penetration and the heat depth of penetration of helium ] large, and length is typical 

[Equation 63] 

\ Pl \/ Pm maos 

It is farther [ than the gas displacement (2.5 cm) which comes out ] large. Wall thickness is 12.7 
mm first in an elevated-temperature side edge, and is dwindled to 6.0 mm in the place distant 
from the elevated-temperature side edge 9.6 cm. It became to carry out taper rolling of the heat 
buffer pillar so that streaming of a drive of the boundary layer within a heat buffer pillar may be 
controlled (refer to U.S. patent applications 08/975,766). According to operation data, streaming 
of this form existed and streaming of this form transmitted the heat which is several 100 W. 
Such measurement shows that it is necessary to carry out taper processing of the heat buffer 
pillar with this kind of engine. Small tapered angle theta (2 to 3 times) for decreasing a flow 
shown in '766 application will not become immediately clear from drawing 8 . Therefore, it should 
be considered that drawing 8 includes the example of the taper processing of the heat buffer 
pillar 126. The amount of tapers and direction which control a flow are not intuitively clear, and 
what must be judged from the specific example and operating condition of the heat buffer pillar 
126 could be understood from 766 application. 
[0046] 

The high-temperature-heat exchanger 1 28 rolls zigzag the nickel-Cr ribbon heated electrically 
on an aluminum frame for the experimental purpose. The electric lead for high-temperature-heat 
exchanger 128 went into the heat buffer pillar 126 at the ambient-air-temperature end, and went 
up the heat buffer pillar to shaft orientations, and even the ribbon was passed. The power which 
flows into the high-temperature-heat exchanger 1 28 was measured with the commercial 
wattmeter. 
[0047] 

The 1 st circumferential warm temperature exchanger 1 32 and the 2nd circumferential warm 
temperature exchanger 1 34 were water-cooled heat exchangers of the structure which consists 
of husks and a pipe. The 1 st circumferential warm temperature exchanger 1 32 accommodated a 
pipe 2.5 mm in inside diameter of 299 pieces, and 20 mm in length. Typical Reynolds number 
inside a pipe [Equation 64] 

\p!\/p a ~0.05 



16/27 



5/22/2009 5:33 PM 



JP,2G02-535597,A [DETAILED DESCRIPTION] http://www4.ipdl.inpit.go .jp/cgi-bin/tran_web_cgi__ejje?atw_u= . 

It was 3,000 at the time of **. The 2nd circumferential warm temperature exchanger 134 
accommodated a pipe 4.6 mm in inside diameter of 109 pieces, and 10 mm in length. Typical 
Reynolds number inside a pipe [Equation 65] 

\Pi\/p m ~0.05 

It was 16,000 at the time of **. The 2nd circumferential warm temperature exchanger 134 was 

formed for the examination, and when it actually uses an engine, it is not needed. 

[0048] 

The principal part of the inertance 1 36 consists of a carbon steel pipe of the commercial 
schedule 40 and 2.5 inches of nominal value. Light machine gun ****** was given to the inner 
surface, and finishing was raised. In order to carry out re connection of the inertance 136 to the 
engine principal part, the reducing-T pipe 192 to 2.5 inches was used from the standard 2.5-inch 
pipe crossing 1 38 and 4 inches of a standard. The president of a university of the inertance 1 36 
was 59 cm, and the inside diameter was about 6.3 cm. The compliance 144 consists of a 
90-degree elbow by 4 inches of nominal value of two marketing. The whole compliance 144 

productrwas O:QG28-m T^he in^ 

reducing coupling 146 to 2.5 inches from 4 inches of marketing. The inertance 136 has the slide 
joint 148 so that the inertance 136 may become long, as the heat buffer pillar 126 and the 
pressure vessel 1 24 expand thermally. 
[0049] 

Use the hydrodynamic method 140, for example, the jet pump explained in the bottom, in the 
example of the engine shown in drawing 8 . [Equation 66] 

It controlled. First, the standard was set up for comparison. Engine 120, [Equation 67] 

M 2 

It was made to operate, without blocking. Then, the film 152 of rubber was attached to the joined 
part between the path joint 146 and the compliance 144, and the engine 120 was operated to it 
Phase p 1Q and p 1H of the pressure were close to the point estimate based on the calculation 

performed beforehand also at the time of operation [ which ]. The big difference between these 
two operations [Equation 68] 

It was ******. 
[0050] 

Drawing 9 shows the temperature distribution in the heat accumulator 122 at the time of these 
two operations. As for the increase of stock of heat, pressure amplitude also at the time of 
operation [ which ]. [Equation 69] 

It was impressed by the high-temperature-heat exchanger 128 until it came to be alike. The only 
load to an engine was the acoustic resonator (not shown) itself. Therefore, in any case, T H must 

be almost the same. When the diaphragm is arranged, temperature rises from ****** to linearity 
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to a high temperature end. 
[0051] 

[Equation 70] 



M 2 



Since it is only slight that the thermal conductivity of helium and stainless steel is dependent on 

temperature if there is no **, this linearity dependency is expectable. 

[0052] 

The film 152 is removed, [Equation 71] 



The temperature distribution when not ******(ing) differs considerably. An equation (9) and 
explanation following it, [Equation 72] 



It turns out that it flows into the flow and uniform direction of ************. In this case 
[Equation 73] 



It goes into the heat accumulator 122 from the circumferential warm temperature exchanger 132 
of ** 1 st. The flux of this cold gas decreases the temperature of the heat accumulator 1 22 
covering an overall length mostly so that clearly from drawing 9 . Temperature rises rapidly near 
the high temperature end by existence of the high-temperature-heat exchanger 1 28. In drawing 
9, a line is only a guidepost in the case of seeing a figure, and is not a thing reflecting a actual 
temperature between data points. It can be assumed that the temperature in about 7.2 cm is 
almost the same as the temperature in about 10 cm. 
[0053] 

[Equation 74] 



Heat input required at the case where there is nothing with the case where there is the film 152 
in order to presume roughly to operate an engine, with this pressure amplitude [Equation 75] 



M 2 



M 2 



M 2 



M 2 



Qh 



Quantity is measured. When the film 152 is arranged, [Equation 76] 



Qh 



= 12 5 OW 



It comes out. When there is no film 1 52,[Equation 77] 



Qh 



= 2 6 6 0W 



It comes out. This heat-input difference [Equation 78] 
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Formulas (14), such as ** [Equation 79] 
M 2 « 1. 5X10" 3 kg/s 

**#*#***, [Equation 80] 
*Qh =M 2 c p (T H -T Q ) (14) 

[0054] 

[Equation 81] 

M 2 



A direction that the one method of controlling has an equal size through the heat accumulator 
1 22, and reverse [Equation 82] 

M 2 



It is imposing pressure drawdown deltap 2 of the time average to drive on heat accumulator 122 

both ends. deltap 2 needed, "Compact heat exchanger" (Compact Heat Exchangers (Mcgraw-Hill, 

NY 1 964)) of Kays quoted as reference here, and London Drawing 7 - low Reynolds number 
restrictions of nine are used, It can presume as a pressure gradient in the screen bed (a screen 
bed) of the cross-section area S and hydraulic-radius r h . 

[0055] 

[Equation 83] 

(15) 



mu is viscosity here. It depends for the numerical element on the capacity porosity of a bed 
weakly. Data shown in drawing 9 [Equation 84] 

The pressure drawdown needed to ****** is 370 Pa. 
[0056] 

Inside of the heat accumulator 122[Equation 85] 

examination which the option to presume follows with a formula (9) — namely [Equation 86] 

M 2 = P m W 2 lp m 
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It is used. In the ambient environment end of the heat accumulator 122 under an experimental 
condition, [Equation 87] 

** [Equation 88] 

M 2 = 1. 3xlO" 3 kg/s 

Carry out.[Equation 89] 
W 2 = 8 5 0 W 

It is calculated. 
[0057] 

[Equation 90] 

M~2 

** experimental presumption and calculation obtain rough coincidence, and it is suggested that 
presumption of delta p2 -370Pa is almost exact. 

[0058] 

In restriction of low viscosity or a large pipe diameter, P 2 is explained in that there is no 

turbulent flow by the acoustical version with the Bernoulli's equation. This is [ the acoustically 
ideal course which connects two ends of a heat accumulator ] to heat accumulator 122 both 
ends. [Equation 91] 

A [An M l"l3 

It has suggested imposing the pressure differential of a grade. mu 1 is complex-velocity amplitude 

here (such an ideal course will contain a heat buffer pillar, an inertance, and compliance except 
for other elements which have a heat exchanger or a small passage). This pressure differential is 
generally, [Equation 92] 

M 2 =0 

It is alike and much smaller than deltap 2 to need. Therefore, in order to generate deltap 2 needed, 

the additional physical effect or structure by some of other physical phenomena which are not 
included in a turbulent flow, viscosity, and the Bernoulli's equation is required in a course. 
[0059] 

An asymmetry hydrodynamic end effect can generate this deltap 2 needed. | If a large byway pipe 

and [u^ have [ uj ] the quiet taper enough in the transient part with a taper between small 

major-diameter pipes, a turbulent flow will be called off and the Bernoulli's equation will be 
maintained. If the transient part is conversely rapid, large |uj generates a considerable turbulent 

flow, and also the rapid oscillating pressure drawdown of the both ends of a transient part 
indicates reduction by which it is known as a "minor loss" in the steady flow of high Reynolds 
number to be this. If the amplitude of displacement of gas is much larger than a tube diameter, 
since only a few has memory of the past history, the flow in which moment can also deduce an 
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acoustic feature by this from the careful time quadrature of the formula of the common 

knowledge about a regular flow phenomenon. 

[0060] 

Deviation deltap m | according [ on the regular flow which passes along a rapid transient part, and ] 

to Miner Roth of the pressure from the ideal of the Bernoulli's equation is a following formula. 
[Equation 93] 

&P ml =K^P» 2 (16) 

It is come out and given, and is the Miner Roth coefficient whose K is common knowledge about 
the shape of many transient parts here, and u is speed. K depends to the flow direction which 
passes along a transient part strongly. In the example indicated to be drawing 10 A to 10B, the 
space 164 in which the small collar-head pipe 160 carried out the opening infinitely intrinsically is 
connected with. ;K Qut =1 in which a jet occurs and kinetic energy disappears as the turbulent flow 

166 downstream from a jet when the gas 164 (speed u in a pipe) flows out of the pipe 162. On 

the-otherhand^as-gasshowed-drawin^^ 

[ between 0.5 and 0.04 ] to the radius r with a large radius of circle of the edge of; entrance 

where the stream line 168 in the open space 164 spreads widely and smoothly. 

[0061] 

If it is u^lujsinomegat, the pressure drawdown of a time average will be obtained by integrating 
with a formula (16) per time. : [Equation 94] 

f Jto 1 9 1 9 ^ 

/ K out - Phf sin 2 cot dt - / - pfaf sin 2 cot dt 



CO 



This hydrodynamic mean-pressure difference, [Equation 95] 

M 2 =0 

It can be alike and can be used as a source of deltap 2 of the heat accumulator both ends to 

need. 
[0062] 

[Equation 96] 

M 2 

** — such easy control is disadvantageous — carrying out — coming out — : in which sound 
power disappears at the following rate although there is nothing [Equation 97] 
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sin cor dt - J K^-P^ sin 3 cot dt 





Kin) 



(1 8) 




in 



(1 9) 



K out - Kb 



in 



S is the area of the small pipe 162 here. A formula (19) is a request. [Equation 98] 



&p ml 



The highest method of generating is considering it as shape to which lilt's inserts a 
hydrodynamic mass flow bunch suppressor in a small position, and K out -K jn becomes as large as 



In the engine 120 (drawing 8) . although |Uj is the smallest at about 122 heat accumulator, in 

order to add an additional element, it is an inconvenient position. The 2nd circumferential warm 
temperature exchanger 134 has |U 1 1 large only slightly, In order to guarantee that p 10 already 



circumferential warm temperature exchanger 1 34 lower part was chosen as a position for the 
experiment of hydrodynamic mass flow bunch control. In this example, the hydrodynamic mass 
flow bunch suppressor 140 is the "jet pump" formed from the brass block with which the 25 
same holes with a taper were drilled. Each hole is 8.05 mm in diameter in the upper bed nearest 
to 1 .82 cm in length, and the 2nd circumferential warm temperature exchanger 1 34. 
It is 5.72 mm in diameter at a lower part end. 

It is powerfully unsymmetrical and the end effect in the small opening of a hole where the radius 
of circle was attached enough is a request. [Equation 99] 



They are as small as a ****** bundle and the speed [ in / on the other hand / the large 
diameter end part of a hole ] can disregard a minor loss enough. The taper part which an end 
combines is loose enough, although an interim minor loss is prevented. In the selected shape, it 
is presumed that the jet pump 140 generates a deltap 2 =930Pa pressure. However, it is due to 

the calculation guaranteed that this presumption does not have an interaction between the minor 
losses in two ends of the jet pump 140. Two minor loss positions arranged by approaching 
mutually bring a result of deltap 2 smaller than the sum of each deltap 2 to a regular flow. 



The jet pump 140 is installed and the engine 120 is operated in the same operating point as two 



possible. 
[0063] 




[0064] 
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data constellations of everything but drawing 9 . The temperature distribution with jet pump 140 
is mostly recovered by distribution with rubber film 152. The quantity of heat input required with 
the rubber film 152 to reach this operating point is Q H =1520W [ mere ]. The excessive quantity 

of heat which is needed without the rubber film 152 is 1400W. Use of the jet pump 140 
decreases this 82% to 260W. This shows the validity of the jet pump 140 clearly. 
[0065] 

By increasing an engine acoustic load using a variable acoustic load (graphic display 
abbreviation), measurement of temperature distribution was performed as a function of T H in the 

fixed value of |p 10 |/pm=0.05. It was shown that these measurement does not have a change 

detectable to the linearity of temperature distribution in 200 degree<=T H <=725 **. Therefore, it 

can see for the jet pump 140 not being influenced at all to change of loaded condition. Finally, an 
acoustic load is fixed, [Equation 100] 

Qh 

-I^^s-ffaed-fc^ - 

T H « 5 2 St 

Temperature distribution at the time of ** was performed as a function of p r Temperature 
distribution does not change in the range of 0.03 <=|p 10 |/p m <=0.05. In higher pressure amplitude, 
the jet pump became weak to the supply source of other deltap 2 . When it amounts to pressure 
amplitude |p 1 0 |/p m =0.075 [ highest], the temperature in the center of a heat accumulator 
descends at 235 ** from the low value of 310 **. This quantity, [Equation 102] 

T H — Tq » 5 2 5*C 

It is equivalent to 1 5% of variation of ******. 
[0066] 

The efficiency obtained during these measurement by the jet pump 140 is indicated to be 
drawing 1 1 A to 1 1B. Under these measurement and highest efficiency [Equation 103] 

77=JT/Q H =0. 1 7 

It comes out, and it is and the maximum of a rate to the Carnot efficiency is eta n =eta/eta c =0.27. 
The Carnot efficiency is eta c =1-T o /T H here. In the rubber film 152 arranged correctly, the 
observed highest values are eta= 0.21 and eta n =0.32. The work output of under measurement 
and an engine [Equation 104] 

w 

Only the sound power drawn by ** and the variable acoustic load counts, and dissipation with a 
resonator is not included. Therefore, such efficiency adds the thing of an engine and a resonator, 
and appears, and the efficiency of the power of the engine supplied to a resonator becomes still 
higher. 
[0067] 
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Cross to the wide range of an operating condition. [Equation 105] 

M 2 =0 

In order to carry out while operating that a progressive wave device should supply deltap 2 , 
occasionally to adjust the strength of the hydrodynamic method for mass flow bunch control is 
desired. In order to examine such a hydrodynamic method, the freezer device shown in drawing 6 
was converted so that a slit jet pump as shown in drawing 1 2 A and 12B might be included 
instead of the film 108 with the pliability shown in drawing 6 . The slit 172 brings about an 
unsymmetrical flow which was illustrated to drawing 10 A and 10B, and is this. [Equation 106] 

K out ^liK ln ^0. 1 

deltap 2 is provided as shown in the formula (17) which can be boiled and set By the lever 

(graphic display abbreviation) connected with the external knob for the fulcrum 1 74 to permit 
movement of the right wall 176 of the slit 172, for example, regulate by hand via a pressure 
seal.Or for example, iFis moved~5y~the automatic controller adjusted with the thermo sensor 
which exists in the center of the heat accumulator 98 (drawing 6 ). Thus, movement of the right 
wall 176 of the slit 172 adjusts the area of the slit 172, |u 1 | is changed to \\J^\ by this, and deltap 2 

changes with these based on a formula (17). 
[0068] 

the test in this mechanism is almost equal to the average of T Q and T Q in the temperature of the 
center of the heat accumulator 98 in the range of T (from 0 degree to -70 **), and the range of 
pressure amplitude IpJ/Pm (from 0.03 to 0.05) — namely [Equation 107] 

M 2 =0 

It was shown that the width of the slit 1 72 can be adjusted so that it may maintain at ****** 
temperature. Under these situations, the performance of the freezer was the same as the 
performance when the supple film 108 was used. 
[0069] 

Old explanation of this invention is almost [ from a viewpoint of the engine provided with the 
annular solid of the length below wavelength, and the hydrodynamic method for mass flow bunch 
control from a viewpoint of a freezer provided with the annular solid of the length below 
wavelength, and the supple barrier method for mass flow bunch control ] the case. However, 
although the annular solid of the length below the wavelength which use of one of the methods 
for a heat buffer pillar and mass flow bunch control explained with both the engine and the 
freezer, and these engines and freezers explained here will be used, The annular solid near full 
wave length will be used rather than explained by Ceperley, but it is applicable. The barrier 
method (a bellows is included) and the additional hydrodynamic method (the method which was 
mentioned above and which can be adjusted is included) with additional pliability of an effective 
thing are also clear from explanation. Although explained here that mass flow bunch control is 
localized, Since it is crossed and distributed over some fields of a device, it is a case where use 
a course with a taper, for example in one or the heat exchanger beyond it, and an asymmetry 
hydrodynamic operation is used for the "T" bond part of an annular solid and side branching (for 
example, refer to drawing 8 ). 
[0070] 

In all the viewpoints of this invention, so that it can apply with heat pump as a freezer, An engine 
and a freezer have a clear multi-annular solid which can be connected by many methods so that 
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the same annular solid can be shared, and a multi-device can share an annular solid and a 
common inertance and common compliance may be shared. As for each heat exchanger where 
each annular solid needs each mass flow bunch suppressor and which is in temperature other 
than atmospheric temperature, in such a situation, it is advantageous that the approaching heat 
buffer pillar receives profits. 
[0071] 

Drawing 13 A-D shows some of these examples. In explanation of these drawings, since a 
terminological heat accumulator, a heat exchanger, a mass flow bunch suppressor, a thermal 
buffer, an inertance, compliance, and other terms have the same meaning as the detailed 
explanation mentioned above, detailed explanation is omitted. Although the example which 
changes with composition of these elements is provided, the function in which elements differ is 
not provided. 
[0072] 

With reference to drawing 13 A, the heat pump gestalt of an element is shown first The annular 
solid 180 specifies the inertance 202 and the compliance 198. With the downstream 
circumferential warm temperature exchanger 184, the heat accumulator 182 is arranged in the 

annular solid 1 80 from the heat accumulator 1 82 about circulation sound power.The 

high-temperature-heat exchanger 186 is arranged by about 182 heat accumulator in the upper 
stream. Although the mass flow bunch suppressor 185 is downstream shown from the 
circumferential warm temperature exchanger 184, it may arrange in a position with the sufficient 
somewhere convenience in the annular solid 180. In this case, the heat buffer pillar 188 is 
arranged by about 1 86 high-temperature-heat exchanger, and this heat exchanger specifies the 
operating temperature of a device. It is generated by the sound device 1 96 and the sound power 
192 is inputted into the annular solid 180 via the side branching 194. 
[0073] 

Drawing 13 B shows the combination of the sound source 40 formed with the engine by this 
invention explained by drawing 4 , and the sound sink 76 formed by the freezer by this invention 
explained by drawing 3 , and the same element is expressed that the same reference number is 
made the same as that of drawing 3 and reference of 4.Common side branching is equivalent to 
the side branching 44 and 74 accompanied by the sound power 42 and 72 indicated to be 
drawing 3 t o 4. 
[0074] 

Drawing 13 C is the further improvement of the example shown in drawing 13 B, and is 
accommodated in the annular solid 210 with single engine 212 and freezer 230. The engine 212 is 
provided with the heat exchanger 214 (ambient environment temperature) and the heat 
exchanger 218 (operating temperature) which adjoin the heat accumulator 216 including the heat 
accumulator 216, and the heat exchanger 218 of operating temperature is the lower stream of 
the heat accumulator 216, and it is provided with the heat buffer pillar 222 which approaches 
downstream from the heat exchanger 218 of operating temperature. If necessary, the engine 212 
has the related inertance 224 and the compliance 226, and provides the suitable phase of output 
sound power. 
[0075] 

The freezer 230 receives a sound power output from the engine 212. The freezer 230 
approaches and contains the heat accumulator 234 accompanied by the heat exchanger 232 
(ambient environment temperature) and the heat exchanger 236 (operating temperature). The 
heat buffer pillar 238 is downstream from the heat exchanger 236 of operating temperature. As 
long as it is necessary, the annular solid 210 may prescribe the additional inertance 242 and the 
compliance 244. According to this invention, the mass flow bunch suppressor 240 is contained in 
the annular solid 210.The suppressor 240 is generally arranged by somewhere in the annular solid 
210, it may be formed in one place within the annular solid 210, may be formed as a distributed 
suppressor, and may be formed as two or more dispersed components. 
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[0076] 

Drawing 13 D shows roughly the parallel multiplex gestalt of the freezer shown in drawing 3 . A 
reference number the same reference number or with a dash shows the same element, and it is 
explained with reference to drawing 3 . As illustrated, one or the freezer section beyond it is 
connected by the common column 50 for circulation sound PAWA 38 and 38.The column 50 can 
be made into the gestalt which specifies the inertance for a parallel freezer. He can understand 
that the freezer exceeding two may be connected in parallel. Although drawing 13 D shows the 
freezer, it can also use the same gestalt as an engine shown in drawing 4 . 
[0077] 

Old explanation of a Stirling cycle progressive wave freezer and an engine is what was shown for 
the purpose of a graphic display and explanation, and is not what meant covering this invention, 
or limiting this and explaining a precise gestalt, and many examples of correction and 
modifications are possible for it in the light of above-mentioned instruction. The example was 
chosen in order to most often explain the principle and practical application of this invention, and 
it was described. For the person who became skilled in the art concerned by this, it is possible 
to use this invention for a various example and various examples of correction well so that it may 
be suitable for the intended specific use. 
[Brief Description of the Drawings] 
[Drawing 1 A and drawing 1 Bl 

Drawing 1 A and drawing 1 B are the schematic illustrations and phase vector figures of a heat 
exchange component of conventional technology, respectively. [ of a Stirling cycle freezer ] 
[Drawing 2 A and drawing 2 B] 

Drawing 2 A and drawing 2 B are a schematic illustration of the heat exchange component of the 
Stirling cycle engine of conventional technology, and a phase vector figure accompanying it. 
fDrawing 3] 

Drawing 3 shows one embodiment of a Stirling cycle freezer according to this invention with a 
schematic illustration. 
[Drawing 4] 

Drawing 4 shows one embodiment of a Stirling cycle engine according to this invention with a 
schematic illustration. 
[Drawing 5 A and drawing 5 B] 

Drawing 5 A and drawing 5 B show the electric circuit of similarity in the fundamental aspect of 
this invention. 
[Drawing 61 

Drawing 6 is a sectional view of the freezer of this invention which has a mass flow bunch 
suppressor by a film. 
[Drawing 7] 

Drawing 7 shows the flow of the power as a function of low-temperature heat-exchanger- 
temperature T Q in a graph about the freezer shown in drawing 6 . 

[Drawing 8] 

Drawing 8 is a sectional view of the engine of this invention which has a hydrodynamic mass flow 
bunch suppressor. 
[Drawing 9] 

Drawing 9 shows in a graph the temperature distribution in the heat accumulator of the engine 

shown in drawing 8 . 

[Drawing 10 A and drawing 10 B] 

Drawing 10 A and drawing 10 B are the schematic illustrations of the unsymmetrical mass flow 
bunch which passes along a hydrodynamic mass flow bunch suppressor. 
[Drawing 1 1 A] 

Drawing 1 1 A shows in a graph the efficiency of the engine shown in drawing 8 at the time of 
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being T H =525degreeC. 
[Drawing 1 1 B] 

Drawing 1 1 B shows in a graph the efficiency of the engine shown in drawing 8 at the time of 
being | Pl |/p m =0.05. 

fDrawing 12 A and drawing 1 2 Bl 

Drawing 12 A and drawing 12 B are the side sectional views and top views of a variable slit mass 
flow bunch suppressor which are used by this invention, respectively. 
[Drawing 13 A] 

Drawing 13 A shows the example of heat pump conformity of the freezer shown in drawing 3 
with a schematic illustration. 
[Drawing 13 B] 

Drawing 13 B shows the freezer of drawing 3 driven with the engine shown in drawing 4 with a 
schematic illustration. 
[Drawing 1 3 C] 

Drawing 13 C shows the heat drive refrigerator placed into the single annular solid with a 
schematic illustration. 

[Drawtng^^-D] - - 

Parallel connection of the drawing 1 3 D is made with a single source, and a schematic illustration 
shows two or more freezers of drawing 3 driven from the source. 



[Translation done.] 
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